Searching PAJ 1/1 ^—t? 

PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2003-0831 1 9 

(43)Date of publication of application : 19.03.2003 

(51)Int.CI. F02D 41/04 

F02B 23/06 
F02D 45/00 
F02F 3/26 

(21 Application number : 2001-272141 (71)Applicant : ISUZU MOTORS LTD 

(22)Date of filing : 07.09.2001 (72)Inventor : SHIMAZAKI NAOMOTO 

(54) DIRECT INJECTION TYPE DIESEL ENGINE 



(5 7) Abstract: 

PROBLEM TO BE SOLVED: To purify exhaust gas and reduce 
fuel consumption by executing proper fuel injection in all 
operation regions of an engine, while realizing premixed 
compression ignition combustion. 

SOLUTION: This direct injection type diesel engine is provided 
with a normal injection mode for injecting fuel by timing I in the 
vicinity of a compression top dead point of a piston 1 and a 
premixed compression injection mode for injecting fuel by 
timing II to V earlier than the normal injection mode and timing 
for preventing generation of ignition of fuel till at least injection 
finishing. The fuel injection is performed by the normal injection 
mode and the premixed compression injection mode at the 
time of a high load operation of the engine and at the time of 
low and middle load operations, respectively. Normal diffusion 
combustion is realized at the time of the high load operation of 
the engine and proper fuel injection is executed over the entire 
operation regions, receiving benefit such as improvement of 
exhaust gas by premixed compression ignition combustion. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The combustion chamber divided with a cylinder, the cylinder head, and a piston, In the direct 
injection diesel power plant equipped with the cavity which is cut in the above-mentioned piston and 
carries out partition formation of a part of above-mentioned combustion chamber, and the fuel 
injection nozzle which injects a fuel to the above-mentioned combustion chamber The usual injection 
mode which injects a fuel from the above-mentioned fuel injection nozzle to the timing near the 
compression top dead center of the above-mentioned piston, It has the premixing compression 
injection mode which injects a fuel from the above-mentioned fuel injection nozzle to timing which is 
early timing and ignition of a fuel does not produce from this usual injection mode till injection 
termination at least. The direct injection diesel power plant characterized by performing fuel injection in 
the above-mentioned usual injection mode at the time of heavy load operation of an engine, and 
performing fuel injection in the above-mentioned premixing compression injection mode at the time of 
low Naka load operation of an engine. 

[Claim 2] It is the direct injection diesel power plant according to claim 1 which judges it as heavy load 
operation, performs fuel injection in the above-mentioned usual injection mode when an excess air 
factor is less than 2.5, judges it as low Naka load operation, and performs fuel injection in the above- 
mentioned premixing compression injection mode when an excess air factor is 2.5 or more. 
[Claim 3] The direct injection diesel power plant according to claim 1 or 2 which made the spray angle 
over the nozzle axis of the above-mentioned fuel injection nozzle a fixed include angle to which a fuel 
reaches the cavity wall of the direction outside of a path from the maximum bottom position of the 
above-mentioned cavity in the above-mentioned usual injection mode, and a fuel reaches a cavity wall 
at least in the above-mentioned premixing compression injection mode. 

[Claim 4] The direct injection diesel power plant according to claim 3 whose above-mentioned spray 
angle is 67.5 degrees or less. 

[Claim 5] claim 1 whose fuel-injection initiation timing in the above-mentioned premixing compression 
injection mode is after 50 degree in front of a compression top dead center before 20 degree thru/or 4 

a direct injection diesel power plant given in either. 
[Claim 6] claim 1 which consists of fields where a ridge is formed in the bottom wall center section of 
the above-mentioned cavity, and the side-attachment-wall section of the above-mentioned cavity 
does not form a diaphragm in a cavity inlet port thru/or 5 — a direct injection diesel power plant given 
in either. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a direct injection diesel power plant, and relates to the 
direct injection diesel power plant which realized premixing compression ignition combustion and aimed 
at defecation and a fuel consumption improvement of exhaust gas especially. 
[0002] 

[Description of the Prior Art] The demand corresponding to an environment to an internal combustion 
engine, especially a diesel power plant is increasing increasingly in recent years, and various means, 
such as a diesel particulate filter (DPF) which carries out uptake of the soot, such as a black smoke, 
and an NOx catalyst which carries out reduction purification of NOx, are provided increasingly. 
Moreover, in order to meet the demand of low-fuel-consumption-izing for C02 reduction further so 
that neither a black smoke nor NOx may be discharged fundamentally, various combustion systems are 
also examined. 

[0003] However, the temperature which functions effectively is restricted and the continuation 
playback type DPF which attracts attention recently, and the NOx catalyst have the problem of not 
functioning effectively in the load field in engine low where especially engine exhaust gas temperature 
is low. Moreover, to Above DPF and a catalyst, when adding from a fuel HC which is a reducing agent, 
it is accompanied by aggravation of fuel consumption. 

[0004] If an example is taken in the above, the direction which improves the combustion itself is 
technically desirable. 

[0005] When having been observed in it recently usually changes fuel-injection timing from timing and it 
earns the time amount from fuel-injection initiation to ignition, it is the premixed combustion which 
makes it light after carrying out premixing of the fuel by the combustion chamber. It is known by 
carrying out such premixed combustion that low NOx and a low smoke will be realizable. 
[0006] What injects a fuel at an early stage to fuel-injection timing (generally BTDC10" - ATDC10") in 
case premixed combustion carries out the usual diffusive burning, and the thing which carries out 
premixed combustion by carrying out the retard of the timing and lengthening an ignition-delay period 
are known. 

[0007] However, it is difficult to abolish aggravation of thermal efficiency, since a combustion stage 
becomes the timing which is surely distant from a top dead center when carrying out the retard of the 
fuel-injection timing, and it is not desirable in order to be accompanied by fuel consumption 
aggravation. Therefore, the direction which injects a fuel at an early stage can set up a combustion 
stage near a top dead center, and is not accompanied by fuel consumption aggravation, but is 
considered to be desirable. 
[0008] 

[Problem(s) to be Solved by the Invention] However, in the case of the premixed combustion (this is 
called premixing compression ignition combustion) which injects a fuel, the following problems are at an 
early stage from usual. 

[0009] First, premixing compression ignition combustion is the point that it can perform by no engine 
operating range. That is, it is because a lot of fuel injection is performed at the time of a heavy load, so 
ignition begins, knocking becomes intense and an engine is injured, before an engine reaches near a top 
dead center. Moreover, even if ignition begins near a top dead center, it will be because subsequent 
combustion is performed at a stretch and NOx increases by the rise of combustion temperature. 
[0010] Next, if a spray angle is not appropriately set up in order to inject a fuel in premixing 
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compression ignition combustion, when there is a piston caudad from usual, it is the point that the 

injected fuel will adhere to the paries medialis orbitae of a cylinder, will cause increase unburnt [ HC ], 

dilution of oil, etc., and will cause fuel consumption aggravation as a result. 

[001 1] Then, this invention is originated in view of the above problem, suitable fuel injection is 

performed by all engine operating range, the purpose realizing premixing compression ignition 

combustion, and it is shown in aiming at defecation and fuel consumption reduction of exhaust gas 

[0012] 

[Means for Solving the Problem] The combustion chamber where this invention is divided with a 
cylinder, the cylinder head, and a piston, In the direct injection diesel power plant equipped with the 
cavity which is cut in the above-mentioned piston and carries out partition formation of a part of 
above-mentioned combustion chamber, and the fuel injection nozzle which injects a fuel to the above- 
mentioned combustion chamber The usual injection mode which injects a fuel from the above- 
mentioned fuel injection nozzle to the timing near the compression top dead center of the above- 
mentioned piston, It has the premixing compression injection mode which usually injects a fuel from the 
above-mentioned fuel injection nozzle to timing which is this early timing and ignition of a fuel does not 
produce from injection mode till injection termination at least. At the time of heavy load operation of an 
engine, fuel injection is performed in the above-mentioned usual injection mode, and fuel injection is 
performed in the above-mentioned premixing compression injection mode at the time of low Naka load 
operation of an engine. 

[0013] Since fuel injection is usually performed in injection mode at the time of heavy load operation of 
an engine while according to this realizing premixing compression ignition combustion and being able to 
receive profits, such as an exhaust gas improvement, since fuel injection is performed in premixing 
compression injection mode at the time of low Naka load operation of an engine, the usual diffusive 
burning can be realized, all engine operating range can be covered as a result, and suitable fuel 
injection can be performed. 

[0014] It is desirable to judge it as heavy load operation, to perform fuel injection in the above- 
mentioned usual injection mode here, when an excess air factor is less than 2.5, to judge it as low Naka 
load operation, when an excess air factor is 2.5 or more, and to perform fuel injection in the above- 
mentioned premixing compression injection mode. 

[0015] Moreover, it is desirable to make the spray angle over the nozzle axis of the above-mentioned 
fuel injection nozzle into a fixed include angle to which a fuel reaches the cavity wall of the direction 
outside of a path from the maximum bottom position of the above-mentioned cavity in the above- 
mentioned usual injection mode, and a fuel reaches a cavity wall at least in the above-mentioned 
premixing compression injection mode. 

[0016] According to this, a fuel can usually be injected in a cavity in both injection mode and premixing 
compression injection mode, in premixing compression injection mode, while being able to prevent fuel 
adhesion in the cylinder paries medialis orbitae, since a fuel is injected on the direction outside of a 
path from the maximum bottom position of a cavity, the reserve-well ball near [ the ] the maximum 
bottom position is prevented, and discharge unburnt [ HC ] can usually be prevented in injection mode. 
[0017] Here, it is desirable that the above-mentioned spray angle is 67.5 degrees or less. 
[0018] Moreover, it is desirable that the fuel-injection initiation timing in the above-mentioned 
premixing compression injection mode is after 50 degree in front of a compression top dead center 
before 20 degree. 

[0019] It is desirable to consist of fields where a ridge is formed in the bottom wall center section of 
the above-mentioned cavity, and the side-attachment-wall section of the above-mentioned cavity 
does not form a diaphragm in a cavity inlet port. 
[0020] 

[Embodiment of the Invention] Hereafter, the gestalt of suitable operation of this invention is explained 
in full detail based on an accompanying drawing. 

[0021] Drawing 1_ is the sectional view showing the interior of the direct injection diesel power plant 
concerning this operation gestalt. A piston 1 is formed free [ both-way rise and fall ] in a cylinder 2, 
and the cylinder head 4 is attached in the upper part of a cylinder 2 through a gasket 3 so that it may 
illustrate. A combustion chamber 5 is divided by these pistons 1, the cylinder 2, and the cylinder head 
4. A cavity 6 is cut in the crowning of a piston 1, and the cavity 6 is carrying out partition formation of 
a part of combustion chamber 5. The fuel injection nozzle 7 for injecting a fuel is attached in a 
combustion chamber 5 at the cylinder head 4. The point of a fuel injection nozzle 7 is projected in a 
combustion chamber 5, and two or more nozzle holes 8 are formed in the point. 
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[0022] The axial center of a piston 1 , a cylinder 2, a fuel injection nozzle 7, and a cavity 6 is on the 
same axial center C. Therefore, these will all be arranged at the same axle. The nozzle hole 8 of a fuel 
injection nozzle 7 is arranged at equal intervals in the same height location on the axial center C at a 
hoop direction, and it points to it so that a fuel may be injected with the predetermined spray angle 
theta to an axial center C, respectively. In addition, angle (aperture angle) 2theta which the spraying 
shafts which appear in the symmetry bordering on an axial center C in drawing make is also shown, and 
the value theta of this one half is the spray angle of each fuel spray. The cavity 6 is making the 
configuration symmetrical with an axial center C. 

[0023] Although an engine may be a jet pump type diesel power plant which electronics control of fuel 
oil consumption, the fuel injection timing, etc. is carried out based on an engine operation condition, 
and was equipped with the electronic centrifugal spark advancer here, a common rail type diesel power 
plant with the more high degree of freedom to fuel injection timing is desirable. In the case of a 
common rail type, a fuel injection nozzle 7 can be used as the injector equipped with electronic 
actuators (electromagnetism solenoid etc.). The engine operation condition detection means for 
detecting engine operation conditions, such as an engine speed and an engine load, is established, and 
the inspired-air-volume detection means (intake air flow sensor etc.) for detecting engine inspired air 
volume at least are included in this. Moreover, an operation decision of fuel oil consumption, fuel 
injection timing, etc. which serve as desired value based on the detected engine operation condition is 
made, and the electronic control unit which makes the fuel injection equivalent to this desired value 
perform is prepared. 

[0024] The cavity 6 is made into nothing and a configuration to which surface area becomes small as 
much as possible in the so-called saucerlike toroidal mold combustion chamber. However, the ridge 9 
which rose gently-sloping is formed in the bottom wall center section where an air utilization rate is 
low in a combustion chamber. Moreover, the side-attachment-wall section 10 of a cavity 6 consists of 
only fields which do not form a diaphragm in a cavity inlet port. That is, a field which approaches an 
axial center C does not exist as all the fields of the side-attachment-wall section 10 separate from an 
axial center C, or are parallel to an axial center C as they go up, and it goes up. In other words, only an 
open surface or the field met up and down exists up, and an open surface does not exist caudad. 
Thereby, a cavity 6 does not make the so-called reentrant mold combustion chamber with a lip. 
[0025] Two or more piston locations are shown in drawing. That of (I) shown most up is a location near 
a compression top dead center, and this is a location included behind a compression top dead center 
(ATDC) from 10 degrees in front of a compression top dead center (BTDC) before 10 degrees. 
Henceforth, they are BTDC20" (II), 30 degrees (HI), 40 degrees (IV), 50 degrees (V), and 60 degrees 
(VI) as it goes caudad. 

[0026] On the other hand, two or more spray angles are also shown in drawing, and it is the case of 
theta= 77.5 degrees, 70 degrees, 62.5 degrees, and 55 degrees sequentially from a top, respectively. If 
these are expressed with 2theta, it will become 2theta=155 degree, 140 degrees, 125 degrees, and 110 
degrees. 

[0027] Next, the engine of this operation gestalt is usually equipped with two kinds such as injection 
mode and premixing compression injection mode as the mode of fuel injection. 

[0028] Usually, injection mode is the mode which injects a fuel from a fuel injection nozzle 7 to the 
timing near the compression top dead center of a piston, and is the mode in which fuel injection is 
performed to the same timing as the usual engine. More specifically, injection of a fuel is started with 
one stage of from BTDC 10" before ATDC 10". After performing this pilot injection usually little besides 
the 1-time injection which injects all injection quantity by one injection in injection mode, the 2 times 
injection which injects the remaining amount by the main injection is included. As for the case of 2 
times injection, the initiation stage of the main injection of an anaphase becomes the between from 
BTDC10" to ATDC10". And the fuel injected in early stages of fuel injection lights the combustion 
gestalt in 1-time injection through an ignition-delay period, and it takes the gestalt of diffusive burning 
that the fuel burns, by continuing in the flame which was able to be done by this and injecting a fuel, 
for example. 

[0029] By the way, in order to inject and burn a new fuel in a flame in the case of diffusive burning, 
from the first, a fuel must be supplied, and must be burned at few places of oxygen, and it is easy to 
generate a smoke. Then, he is trying to use together the following premixing compression injection 
modes. 

[0030] Premixing compression injection mode is usually the mode which is the timing which is early 
timing and ignition of a fuel does not produce till injection termination at least, and injects a fuel from a 
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fuel injection nozzle 7 from injection mode. More specifically, injection of a fuel is started to one before 
20 degree of timing after BTDC50". This timing is the timing which ignition of a fuel starts after fuel- 
injection termination. Said 2 times injection similarly accompanied by pilot injection besides 1-time 
injection in premixing compression injection mode is included. In 2 times injection, the initiation stage of 
the main injection becomes the between from BTDC50" to 20 degrees. For example, while a fuel is 
injected in the condition which is not yet sufficiently high and an ignition-delay period increases, the 
combustion gestalt in 1-time injection A fuel and the air in a combustion chamber 5 are stirred and 
mixed enough, premixed air is formed, the premixed air in a combustion chamber 5 mostly diffused in 
the whole region lights with the rise of cylinder internal pressure and temperature after fuel-injection 
termination, and the gestalt of premixing compression ignition combustion of resulting in combustion is 
taken. Since all fuels are mixed with air, and a combustion chamber burns after being diluted, 
homogeneity and, while oxygen serves as combustion in a certain inside enough around a fuel and being 
able to prevent a smoke, the rate of combustion is comparatively slow, and since combustion 
temperature does not rise rapidly, either, NOx can be prevented. 

[0031] By the way, as mentioned above, there are problems, such as knocking, at the time of heavy 
load operation of an engine, and premixing compression injection mode (premixing compression ignition 
combustion) cannot be performed. 

[0032] Then, with this operation gestalt, at the time of heavy load operation, injection mode usually 
performs same fuel injection, and premixing compression injection mode performs fuel injection from it 
at the time of low Naka load operation which is a low loading side. By carrying out like this, suitable fuel 
injection can be performed by all operating range, using premixing compression ignition combustion 
advantageous to exhaust gas defecation. 

[0033] Although it is a translation to determine by the size of the fuel quantity to inject, he is trying for 
whether the change timing in the mode thru/or which the mode are used to determine it by the size of 
an excess air factor with this operation gestalt here. On the trial, it had become clear that it depended 
for generating of the diesel knock in premixed combustion on an excess air factor lambda greatly, and 
it was checked that a diesel knock becomes intense in a with an excess air factor of less than lambda= 
2.5 field. Therefore, with a predetermined value and this operation gestalt. an excess air factor lambda 
judges the case of less than 2.5 to be heavy load operation, and usually performs fuel injection in 
injection mode. On the other hand, when an excess air factor lambda is 2.5 or more, it is judged as low 
Naka load operation, and fuel injection is performed in premixing compression injection mode. 
[0034] An electronic control unit more specifically calculates an excess air factor lambda from the 
actual inspired air volume and target fuel oil consumption which are detected by the inspired-air- 
volume detection means, at the time of lambda< 2.5, fuel injection by injection mode is usually 
performed, and fuel injection by premixing compression injection mode is performed at the time of 
lambda>=2.5. 

[0035] By the way, with this operation gestalt, the single fuel injection nozzle 7 which has the fixed 
nozzle hole 8 realizes the two modes, for this reason, the spray angle theta of a fuel injection nozzle 7 
usually — injection mode — doubling — too much — large — carrying out (that is, aperture angle 
2theta being extended) — since there is a piston caudad at the time of premixing compression 
injection mode, the fuel spray will not enter in a cavity 6, but will collide with cylinder 2 paries medialis 
orbitae, and will cause increase unburnt [ HC ], dilution of oil, etc. moreover, the spray angle theta — 
premixing compression injection mode — doubling — too much — small — carrying out (that is, 
aperture angle 2theta being narrowed) — at the time of injection mode, the fuel spray will collide with 
the pars basilaris ossis occipitalis of a cavity 6, will collect in a cavity 6, and will usually cause increase 
unburnt [ HC ] etc. For this reason, in order to reconcile both the modes, the spray angle theta of a 
fuel injection nozzle 7 is set up as follows. 

[0036] That is, the spray angle theta is set as a fixed include angle to which a fuel usually reaches the 
cavity wall of the direction outside of a path from the maximum bottom position of a cavity 6 in 
injection mode, and a fuel reaches a cavity wall at least in premixing compression injection mode. 
[0037] The maximum bottom position of a cavity 6 is the location thru/or the point with which a cavity 
6 serves as a bottom most, and is the location B where the height location in [ H ] drawing and the 
radius location of R cross. This maximum bottom position B appears as a circle which carries out the 
surroundings of an axial center C 1 round. Usually, the limitation by the side of theta smallness in 
injection mode is the maximum bottom position B, and the limitation by the side of theta size is the 
crossover location K where the side-attachment-wall section 10 and the piston top surface part 11 of 
a cavity 6 cross. Usually, it sets in injection mode, and the spray angle theta is set up so that a fuel 
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may reach thru/or collide with the cavity wall between these maximum bottom position B and the 
crossover location K. 

[0038] Moreover, in short, a fuel should just enter in a cavity 6 that a fuel should just reach a cavity 
wall in premixing compression injection mode. Therefore, only by the limitation by the side of theta size 
existing as a crossover location K, the limitation by the side of theta smallness does not exist. Since a 
fuel is injected at an early stage and an ignition-delay period increases from usual in this mode, it can 
do in this way because fuels can be mixed [ no ] with air in the meantime and a problem unburnt [ HC ] 
occurs. 

[0039] It is as follows when the relation between the spray angle theta (or aperture angle 2theta) and 
injection timing is explained here using drawing. First, when it is in the location where a piston 2 is most 
shown up in injection mode, it is usually assumed that fuel injection is performed. Moreover, in 
premixing compression injection mode, when it is in the location which is BTDC20" at which a piston 2 
is illustrated, 30 degrees, 40 degrees, or 50 degrees, it is assumed that fuel injection is performed. In 
addition, although the location of BTDC60" is also shown, it is drawn by reference. 
[0040] theta= 77.5 degrees (2theta=155 degree) of spray angles shown most up are a general value 
employable as the usual engine. In this case, naturally the above-mentioned conditions are fulfilled, and 
if injection initiation timing is BTDC20" and 30 degrees also in premixing compression injection mode, 
the above-mentioned conditions are usually fulfilled in injection mode. However, the above-mentioned 
conditions are not fulfilled at the time of BTDC40" and 50 degrees, but if the injection initiation timing 
in premixing compression injection mode is BTDC20" or 30 degrees by this, theta= 77.5 degrees 
(2theta=155 degree) of spray angles are employable. 

[0041] Moreover, no less than the theta= 70 degrees (2theta=140 degree) of the above-mentioned 
conditions in injection mode are usually fulfilled. And although the above-mentioned conditions are 
fulfilled in premixing compression injection mode if injection initiation timing is BTDC20" and 30 
degrees, the above-mentioned conditions are not fulfilled at the time of BTDC40" and 50 degrees, 
therefore, the injection initiation timing in premixing compression injection mode — BTDC20" — or if 
30 degrees becomes, theta= 70 degrees (2theta=140 degree) of spray angles are employable. 
[0042] No less than the theta= 62.5 degrees (2theta=125 degree) of the above-mentioned conditions in 
injection mode are usually fulfilled. And although the above-mentioned conditions are fulfilled in 
premixing compression injection mode if injection initiation timing is BTDC20", 30 degrees, and 40 
degrees, the above-mentioned conditions are not fulfilled at the time of BTDC50". therefore, the 
injection initiation timing in premixing compression injection mode — BTDC20" and 30 degrees — or if 
40 degrees becomes, theta= 62.5 degrees (2theta=125 degree) of spray angles are employable. 
[0043] The theta= 55 degrees (2theta=110 degree) of the above-mentioned conditions in injection 
mode are not usually fulfilled. In this case, although the above-mentioned conditions are filled with any 
injection initiation timing (BTDC20", 30 degrees, 40 degrees, and 50 degrees) in premixing compression 
injection mode, the above-mentioned conditions in injection mode are not usually fulfilled. Therefore, 
theta= 55 degrees (2theta=1 10 degree) of spray angles are not employable. 

[0044] Thus, although the path and the depth of a cavity 6 are especially related to the injection 
initiation timing in premixing compression injection mode in the decision of the spray angle theta, the 
unburnt HC discharge in injection mode, the collision of the fuel spray to cylinder 2 paries medialis 
orbitae in premixing compression injection mode, etc. can usually be prevented by making it an include 
angle which fulfills the above-mentioned conditions anyway. Since the direction outside of a path can 
be made to be able to flow in accordance with a cavity wall and the fuel after a collision to a cavity 
wall can be diffused by injecting a fuel so that a fuel may reach the cavity wall of the direction outside 
of a path from the maximum bottom position of a cavity 6 at the time of injection mode, wide range air 
can be used and desirable combustion can usually be realized here. 

[0045] By the way, as for combustion, it is desirable to be carried out in the location which kept away 
from cylinder head 4 inferior surface of tongue as much as possible. That is, since an engine water 
jacket is formed in the cylinder head 4 and the cylinder head 4 is cooled by cooling water, if 
combustion is performed near the cylinder head inferior surface of tongue, heat will be taken by the 
cylinder head 4 and thermal efficiency will fall, and it is disadvantageous for fuel consumption, and is 
because it also becomes the cause of black-smoke generating. 

[0046] Therefore, from such viewpoints, the smaller possible one of the spray angle theta is desirable. 
As a result of the trial, when the spray angle theta was below 67.5 degrees (2theta=135 degree), fuel 
consumption improved, and it became clear that a black smoke was also controlled. Therefore, as for 
the spray angle theta, considering as 67.5 degrees or less is desirable. 
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[0047] Furthermore, since a cavity configuration to which surface area becomes small as much as 
possible with this operation gestalt is adopted, heat cannot be easily taken by the piston 2, either and 
improvement in thermal efficiency and fuel consumption can be aimed at. Moreover, combustion 
occurred centering on the outside in the cavity 6, since the air utilization rate of a cavity core was low, 
the ridge 9 was formed in order to bury this useless part, and the cavity 6 was made into the gestalt of 
a toroidal mold combustion chamber. 

[0048] While combustion temperature falls [ the direction which controlled an air flow in a combustion 
chamber 5 as much as possible ] on the other hand in premixing compression ignition combustion and 
being able to reduce NOx, it turns out that improvement in fuel consumption can be aimed at by 
control of heat loss. Therefore, the cavity 6 of this operation gestalt does not have a lip which projects 
in the cavity inlet-port section at the direction inside of a path, and what is not the so-called reentrant 
mold is used for it. Namely, generally, the swirl maintenance capacity in a cavity can be high, more by 
the way, an expansion line can also give a swirl to the air besides a cavity by this, and a reentrant mold 
can promote an air flow as the whole combustion chamber, can activate combustion, and the desirable 
thing is known for the usual combustion gestalt. However, since premixed air is formed from the first 
and combustion is easy to be performed in case of the case of premixing compression ignition 
combustion, combustion will become active too much, combustion temperature will become high, and 
NOx will increase. Moreover, the part heat loss to which combustion temperature becomes high also 
increases, and fuel consumption gets worse. Therefore, a reentrant mold cavity is not adopted with this 
operation gestalt which performs premixing compression ignition combustion. In addition, it is good for a 
suction port to also adopt a low swirl configuration in this semantics. 

[0049] As mentioned above, the gestalt of operation of this invention can adopt things various 

otherwise. 

[0050] 

[Effect of the Invention] Realizing premixing compression ignition combustion in short above according 
to this invention, suitable fuel injection is performed by all engine operating range, and the outstanding 
effectiveness [ say / that defecation and fuel consumption reduction of exhaust gas can be aimed at ] 
is demonstrated. 



[Translation done.] 
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